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An invest i@gtion.ys  conducted in the 6- by 6-foot test section 
-of the Ianglea stabilfty tunnel an 8 modifled Koppers Aerozaatic 
wind-driven impel le r -g~era tor ,conib~t ion .  Thie invoetigation 
consisted of '& f e w  fixed pdtch t ea t s  and a series of variable pitch 
tests, 

. -  
TLe fixed pitch b e t s  indicated that the Impeller should 

qperate between the blade-pitch anglee of 20° and 32O at the epeci- 
fied output .of 11.7 kilowatks In order to remain within the specified 
rotational epee& of f r o m  5000 to EBOO rpm for airspeeds of from 130 
to 175 miles per hour. 

The requirement that the inlpeller maintain rotat ional  speeds of :: - 

between 5000 and 8cxW rpm &B t h e  -suer output varied from O 
t o  ll.7 kilowatts a t  airepeeda of from 130 t o  175 miles per hour 
m a  not met at any tims during the variable pitch tests .  The mafn 
dlffioulty aeemed.to be the inabi l i ty  of the irrpeller blades to 
change blade-pftch angle smoothly and quickly.a6.load conditione 
varied . . .  

There wae some indicatian that the vibration normally occuring 
m an airplane might cause the lmpeller.to operate eatiefactorily.  

The best per9ormance obtained wit& a ehield made of a 
piece of l--inch -le iron; 17 inches low, p&oed. about 1.8 inches 
upatrek of. the  front-. end' 0.f the -Impeller and w€th the impeller 
varfables set 88 foJ.lms: blade-phase en& '-lOo, oountorwei&t 
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of 38 gmw, counterweigh; angle of 34*, hi&-p&tch etop set f o r  3gQ, 
low-pitch  stop  set for 20 , and with  short 10.5 countemel@bt a m .  

A t  the requaort of the Bureau of Aer~mutics,  K a v y  Deprtment, 
wind-tunnel t e s t s  were conducted on a Koppera Aeram'tic wfnd-dr-fven 
finpsller-generator combfnation. This h p e l l e r  is  t o  be instalLed 3~ 
util i ty-type aflrcraf't and I s  t o  be used a8 a power u i X t  with navy 
t yye  antiaixmf't target reels. 

Teste, reported in reference 1, of aa m e l l e r  equipped with 
steelblrtdee showed that the hnpeller fa i led to  meet the Navy 
requirements because of exceesive rotational speeds under no-load 
conditions. The failure of the impeller to meet the Navy specifi- 
cations w a ~  attributed t o  the inability of the blade6 t o  change 
pitch  ae load conditions varied. It w&e thought that the high ' 

bearing loads imposed. by the centdfu@l force of the s t e e l  inpeller 
blades prevented .the blade8 from chasglng  pitch as the load con- 
ditions changed. 

To reduce centrif'ugd force, the s t e e l  i q e l l e r  blades were 
replaced by wooden blades. The tests reported  hereln were mde 
with the wooden blades driving the generator. The tests were mde 
t o  determine the characterietics of the ndif fed  Impeller-generator 
combination In its present form and t o  fUrn1d.1 data t o  assist i n  
the  further development of the Koppere Aeromatic impeller. 

A f e w  fixed  pitch tes ts  WBB =de t o  eeme as a basis for 
deteminfng the  blade-pitch angle rapge for  satiefactoqr  operation 
of the impeller. A l l  other   tes ts  were 'made with the impeller in 
variable pltch  operatfon. 

B blade-pitch angle, measured in 8 plme n o m 1  t o  t h e  blab 
pivot axts and deflned a6 the angle between the chord of 
the blade section (5 tncshee from the blade t i p )  and the 
plane of rotation 



. 0 pivot angle, measured In a plane nornvsl t o  the pivot axis 
and defined as the angle between the projection of the 
gravity axis of the bkde and the p h n e  of rotatian 

E 

Y blade.phaae angle, mxsured in a plane normal t o  the pivot 
axis and definesas  the angle between the chord of the 
blade and the projection o f  t h e  gravity axfs 09 the 
blade on this plane, positive when the bkde  is behind 
the plane of rotation 

countemei&t angs~, measured in a vertfoal p h e  para-1 
' .  to the axis of rotation of the blades and. defined as the 
"angle between the center line of the cowterneight arm 
and the projection of the axie of rotatian of the blade8 
(when the.  blades are set against low-pitch stops) 

b flange construction angle, d e f i ~ e d  88 the acute angle 
betneen,the intersection of the pivot axis and the blade 

, gravi ty  axle, equals 6' . .  

vc callbmted airapeeb, defined as the  speed related to dif - " . 
ferential preesure-by the accepted adlabtic formula ; 

used i n  the cal ibrat ion of differential-preesure air- . 
apeeit indicators and 'equal to tme airspeed f o r  

, standard sea-level conditions 

. .  . .  

APPARAm AND METHQDS I .  

The t es te  of the i q e l l e r  were conducted i n  the 6- by 6-foot 
test section of the Langley s tab i l i ty  tunnel. A photograph of the 
impeller mounted in the tunnel 513 shown in figure 1. Detaile of the 
hub and blades are ehown in figures 2 to 4. The meller has a 
dlameter of  26 inches and ha8 lamFzlEtted maple blade6 of Clark Y 
a i r f o i l  section. The operation 09 the 5ztqeller aTld the details of 
construction are described fn detail in reference 1. 
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a ~ d  a direct  current  voltmeter. (See fig. 6 .) Impeller r o k t f m l  
epeed was measured  by an electrical  (generator  type)  tachoaieter 
which was coupled  to  the rotor  shaft of the generator. 

The generator was cooled by ne8138 of an aimcoop and ktct 
which  were  fastened  to  the impeller base and which arected a stream 
of air into the generator.  housing. 

For fixed-pitch  tests,  the  counterwei@ts were removed and tho 
blade-pitch angle was s e t  as follows: The f w e  m a  turned. so 
that  its  axis W&E in the  plane of rotation ad. the two pitch-stop 
screws we& secured In this  position. The counterwetght a m  was 
then  loosened  to pernit  rotation of the  blade within t h e  flange. 
The blade- was set  to t he  desired angle of pftch.. The counterweight 
a m  was clamped on the flange, thus  preventing fhrtlher rotati.m of 
the blade within  the flange. 

For variable p i t ch  t e s t e  the  impeller  variables were set as 
followo: . A  calibrated  counterweight was attached to each  counter- 
wei&t arm. The  blade-pitch angle was set  as for  fixed-pitch  tests. 
The range through  which  the flanges could  turn (a113 thus  change  the 
blade-pitch angle) m e  established by selecting tho length of stop 
screw8  which  would  allow  the  desired  blade-pitch angle variation, 
and securing  them in place.  The  counterweight arm was tightened 
just enough  to  keep  the blades from rotating within the fhnges. 
Final ly ,  the  counterweight  angle ms,set as follon: The blade 
was rotated  to  the  low-pitch  positfon. The counterweight a& was 
turned  Until th’e  cowrtdrwsight cfFtmp center line mde the  deaired 
angle with  the axPs of rotation of the  blade assouibly. The counter- 
weight arm was then  clamped  eecurely. 

The teste consiEtted of a few fixed-pitch teste for various 
values of blade-pitch angle cat calibrated airspee& f-mn 100 
to 200 miles per hour, a& 8 series of variable-pitch  tests in which 
the phase angle, counterweight angle, counterweight,  and  pitch-atop 
settings were varied. 

Some varialle-pitch  tests were made with narrow shields  placed 
upstream of the  front end of t h e  i;mpeller. O n e  of khe shfelds is 
shown in ffgure 7. 
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In both the fixed-pitch and variable-pitch tes te  the power 

output W&B varied by c-ng the  generator-field.  resistance while 
maintaining the ai'rapeod Gonetant. The airepeed is believed to be 
accurate to k.l mile per hour. 

A l l  sett ings and data recordings were made br a representative 
of the Koppers G n m p a n y .  The instrumerita used were the property of 
the Koppers Cmpeny anrl were not calibrated st the lsboratorg. A l l  
angle sett in- ,were made with a precision inclinometer. The 
impeller hub -8 s ta t ica l ly  balanced on the shaft and waye &own 
fn figure 8. .(The impeller &own is the q-eller of refereace 1.) 

RESULTS AND DI3CUSSION 

. .  FfxeB-Pitch Tests 

The resul ts  of the fixed-pitch t e e t e  are @veri in figure 9. 
Figure 9(a), which shows the  variation of maximum generator outnut 
with. blade-pitch angle f o r  eeveral aixvpeb, indicate8 that ff the 
impeller is t o  produce the output of 11.7 kilowatts, a8 specified 
by. the Navy, the blade-pitch angle m a t  vary f r o m  20° at 130 miles , 
per hour t o  not more than 32' at 175'sflee per hour. Figure g @ )  
shows that if the  blade-pitch angles vary as ind€cated by figure 9(a), 
the  rotational r peed of the Fnrpeller will meet the Navy specifications. 

Variable-Pitch Tests 

The resul ts  of the variable-pftch  tests of the impeller wlth no 
external shield &re given in  table I. TarLou8 combinatimd of phase 
angle, counterweight angle', and counterweight were t r i e d  wlth the 
impeller i n  Aemmstic opemtian. Three counterweight &rut6 were 
t r ied.  They were the old type w e d  i n  the tes ts  of reference 1 ( a m  
referred to in thie report aa 8.34 a m ) ,  a new t n e  (referred. to 
as 10.5' arms), and the new typ with qproxlluately 0.7 inch cut 
from the end (short 10 .F0 counterweight arms) . . No conrbimtion w&8 
found which would meet. the power and .rotational speed requirenaents 
specified by the Navy. The i?qeUer blades tended to reach one 
blade-pitch angle and r e m u  there re-dlese of ked. S e v e d  
ccanbinations were found where the bledes would snap auddenly between 
h i e a n d  low-pitch stops aa the lmd conditiolvr mried. These t e s t s  
seemed t o  indfcate that there was excessive  friction in  the bearing 
and gear systems. In a f e w  cams it wa8 f o d  that satisfactorg 
operation  could be obtained by tapping the i q e l l e ?  eupport. The 
vfbration was evidently enough t o  shake the flange8 and allow t h e m  
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t o  rotate  freely. There is the possibi l i ty  that i n  normal instal- 
la t ions (impeller mounted on an airplane)  the  vibration of the 
airplane i tself  might be suFPicient t o  muse the -Impeller t o  
operate  satisfactorily. 

It was decided t o   t r y  to find some al ternate  method of 
obtaining  satisfactory  operation  in  case t h e  vibrations of the 
airplane  installation were ineffective. The o n v  feasikle method 
eeemed,to be to.reduce some of the forces on one of the blades 
a t  a time. This would leave the  forces on the imgeller unbalanced 
and then  the Blades would tend to   turn.  The centrifugal forces 
could not be reduced t o  any large extent. It wae possible, however, 
t o  reduce the aerodynamic forces on one blade a t  a time by munting 
a narrow shield from the tunnel wall in fmt of the impeller so 
that the  shield extended almost t o  the fmpeller hub. As each blade 
came ’behind the  ahield it would ’be out of the  high  veloci.ty  region 
of the airstream md thus moat of the aerodynamLo load of the blades 
would be momentarily unbalanced. 

The first shield used was 8 piece of 25-lnch 1 angle iron. (See 
fig. 7 .) It was 17 inches  long and WELB mounted qn the tunnel wall 
about 3 inohes  upetrem of the  front end of the impeller. The shield 
extended t o  about; 3 inches from the impeller hub axis. The impeller 
speed variation  with  load remained within the  apecified l-lmita, but 
too much power m s  l o s t  because of the  shield. The power 108s was 
reduced by cutting down the  length of the shield f”rcrm 17 t o  12 inches, 
but  impeller  rotatiowl speeds were not  satiefactory . 

The second shield used was a inch iron pipe which was 17 inches F- 
long and W&B mounted in two locations, (a) 3 inches  upstream of the 
front end of the impeller and (b) 1 inch upstream of the front end 
of the impeller. For both lomtions the results  obtained were the 
same a s  those  obtained for the irnpellep. with no shield. Output 
power loss was small, but the blades did not change pltch an& so 
a8 t o  give m o t h  operation. The trouble again seemed t o  be mused 
by excessive  friction. 

The preload  screm in the flanges were loosened in  an attempt 

The G-lnch angle i ron proved t o  be the better shield in. making 

t o  reduce the bearing  friction. The attelnpt groved t o  be f u t i l e .  

the iIllpeller  operate smoothly, therefore, it was decided t o  use a 
smaller angle  iron  (L-inch 1 angle  iron, 17 inches long) i n  ah 
attempt t o  obtain smooth opemtion with snus~llpower loss .  Good 
resu l t s  were obtained  with  the  angle  iron  placed  about 1.8 inches 

2 
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upstream of the impeller. h e  best result8 were obtained with a ' 

phase angle of .-IOo, the  low-pitch  atop set for a blade-pitch angle 
of 20°, the high-pitch  stop set f o r  a blade-pitch angle of 39', et 
counterweight arm of 34O, a counterweight 02 38 grame, and 
with short  10 .To counterweight arms. The resulte of teet8 made with 
t b i a  arrangement are plotted i n  figure 10 as curves of generator 
output  against  impeller  aped for calibmted air~peeds of 100, 130, 150, 
and 175 milee per  hour. Figure 10 show8 that the m e l l e r  meets the 
power requirements,  but operates under the epecified lower I M t  
of 5000 rpm a t  caUbrated airepeeda of 130 Etnd 1% miles per hour. 

The impeller was found to  be extremely saneftive t o  counter- 
weight angle. A t  the  settinge given above, the impeller bladee 
oscil lated at  airspeed8 of about 30 to 50 &lee per hour. A change 
of lo (from 34' t o  33') caused the imgeller to   oec i l l a t e  in  the 
airspeed mnge of from about 100 t o  150 miles per hour. 

The fixed-pitch tests indicate tbt the output requirement 
(11.7 kilowatts fo r  a rotational speed range of from 5000 to &lo0 rpm) 
can  be met if the Fmgeller blade-pitch eagle varies from 20° 
a t  130 miles per hour t o  32' at 175 miles per hour. 

The requirements of power oufqut and mtatlonal speed of the 
impeller were not met at eny time during the  variable-pit,ch  tests. 
The main difficulty waa that the imgeller blades did not change 
pitch smoothly as load cor.ditiona were varied. Thls l e  believed t o  
be caused by excessive f r i c t ion  in  the bearing and gear eysteme. 
There wae some indication that the vibration noraal2y occuring on 
an airplane might carme the  imgeller to.operate sat isfactor i ly .  

The use of a shield to provide unsteady aerodynamPc' forcee on 
the impeller gav5 good regulation fn some cases, but the power 
output or impeller  rotatianal ape& dfd  not remain within  the 
limit8 speoified by the Navy.  

The best  perfomance was obtafned with a shfeld =de of a 
pfece of +inch angle iron, 17 inches long, and placed about 1.8 inches 

upstream of the front end of t h e  impeller and wTth the frqeller 
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varia3les eet as  follow^: ' bhae-phase angle -wo, counterweight 
of 38 ram%, co.mte&ight angle of 34O, high-pitch atop set  
for 39 , 1ow:pitch atop ae t  for SO0, and with 8hor-L 10.5' counter- 
w e i g h t  a m .  . 

. . .  . .  

Langley' Memorial Aeronautical Labomtory 
National A d v i a o m .  Committee for Aeroriautics 

. Langley Field; Va. . 

1. Levitt;  Joeeph, and Morewitz, Bernard A.: Wind-Tunnel Testa of 
the Kopper6 Aeromatic Impeller-Generator Combination. 
NACa MR No LF17, Bur. Ordnance, Navy Dept ., 1945. 

. 
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Hi& 
pitch 
b g )  

41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41. 
41 
41 
41 
41 
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Generator 

watts 
output 

I- + t 
” 

47 
47 
47 
41 
47 
47 
47 
47 
47 
47 
33 -5  
33 85 
33 -5 
33 -5  
33 -5  
33 a 5  

33 -5 
33 0 5  

33 -5  
33 99 
33 - 5  
33 *5 
33 *T 
I_ 

Counter- 

grams 
weight 

15 

Counter- 
weight 
-15 
(sed 

x] 
X) 
20 
20 
20 
20 
X) 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
x, 
20 
20 
20 
20 
20 

? 
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TABU3 I(%) * - SuMlJWw OF RESUETS OF TESTS ON A KOPPERS AEROMATIC 

Blade phaee angle 25O 
10.5~ counterweight arm T + 

st 
Hi& 
pitch 
h 3 )  

- 

- 
33 05 
33.5 
33 -5  
33.5 
33 -5 
33 *5  
33 15 
33 -5 
33 *5 
33 *5 
33 -5 
33.5 
33 -5 
33 *5 
33.5 
33 a 5  

33 - 5  
33 95 
33 *5 - 

%abea obtained with 3.8 gram counterweight on bkdee 1 and 3, 

%lues obtained wfth 4.9 grama counterweight on bh&a 1 and 3, 
no counterweight on blades 2 and 4. 

no counterweight on blades 2 and 4. 
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1 

33 -5 
33 m5 
33 -5 
33 -5 
33 -5 
33 *5 
33 -5 
33 -5 
33 -5 
33 * 5  
33 -5 
33 05 
33 =5 
33 95 

2ountsr- 
w e i g h t  - 

0 
0 

42 
42 
42 
k 
28 
28 
35 
35 
k 
42 
35 
35 
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Calibrated 
airspeed 

(mph) 
" 

c 

Generator 
output 
watts 

St 

pitch 
3fBh 

(hd 

37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 

Counter- 
weight 

grams 

0 
0 
0 
0 
0 
14 
14 
2-0 

6 
6 
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Blade phase angle -IO0 
Short 10.3' counterweight a m  

Calibrated 
airspeed 

(mph) 

At 

t 

14 

7 Comtruction angle lea& 
rotation 

SI 
Egl 
pitcl 
(de631 

34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 

- 

- 

c , 

" 

Counter- 
weight 

grams 

0 
0 
14 
14 
42 
42 
28 
20 
35 
35 
35 
35 
35 
25 
35 
35 
42 
&? 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 

T Counter- 
weight 
angle 
(a%) 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
9 
30 

the sett ings listed on thfs page for airspeeds of 100 milee per 
hour the impeller blades changed from high t o  low pitch 88 the 
load varied, however, the chm.e w m  not m o t h  and the impeller 
rotational speed wa8 higher than desired. 



Blade p h e e  angle -loo 
Short 10.5' countemeight a m  r 

r L 

Cmtruction angle leade 
rotat ion 

st 
High 

pitch 
b g )  

34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 

I 

i 

r 
Counter- 

w e i g h t  - 
k 
42 
42 
42 
35 
35 
38 
38 
38 ?a 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
38 
38 

'A new synchronizer gear wa8 installed. 
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r 
Counter- 
weight 

(de@;) 
" 

33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 

*At this point in the tecta the preload Bcrews of the flange8 were 
loosened and remined loose for the reminder of the variable 
pitch tests .  
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Calibrated 
airspeed. 

(mph) 

Generator 
0UtpU-k 
watts 

39 
39 
39 
39 
39 
39 
39 

~ 39 

q ij 
20 
20 
X) 38 

33 
33 
33 
33  

33 
33 I 
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i Blade phase angle -10' 
Shield : 2 a 5  -inch angle iron, 
Short 10.5' counterweight arm8 

17 inches long, and 3 inches 
upstream of impeller 

18 

Sf =gE 
p i t d  

- 

- 
39 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 - 

I I 
I 

L 

T -r 

" 



Blade phase angle -10' 
Short l 0 . 5 O  counterweight 8- 
Shield: 2.5-inch angle iron, 
17 inches long, and 3 'Inches 
upstream of meller 1 

T 

Conetructicm angle leads 
rotation 

34 
34 
34 
34 
34 
34 
34 
34 
34 
34 

I 34 
I 34 
~ 36.3 
~ 36.5 
j 36.5 
I 364 
1 35.5 
i 16-5 
36 -5 

" 

L 

Counter- 
wel?&t 
grams 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

C ount er- 
weight 
angle 
h 3 )  

36 
36 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
36 
34 
36 
36 

"I_ 

NATIONAL ADVISORY 
C O I D E M E E  FOR AEROwluTICS 



KACA RM No. -9 20 

Blade phase angle -mO 
Short counterweight 811118 
Shield: 3/4-inch iron pipe, 
17 inches long, and 3 inchee 
upstream of izqpeUeP 

Calibrated 
airspeed 
(mph) 

" 

i 

" 

I 

l- 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

Counter- 
weight 

h3) 

34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 

NATIONAL ADTTSORY 
COMMmTEE FOR AERONAUTICS 



Blade phase angle -loo 
Short l 0 . 5 O  counterweight 8~118 

Shield: 3/4-bch iron pize, 
17 inches long, and 3 inches 
upstream of impeller 

Generator 
output 
watts t 

Conetructian mgle l e a b  
rotat ion 

"Hm 
(ded 

39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
33 
39 
39 
39 
39 

St 

pitch 

)B 

)itch 
: b g )  

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
X) 
20 
20 
20 
20 
20 
20 
20 

". 

L 

I 34 
34 
34 
34 
34 

I 34 
34 
34 
34 
34 
34 
34 
34 
32 
32 
32 
32 
32 
32 
32 
32 
33 
33 
33 
33 
33 
33 

Counter- 

i 



Blade phase angle -loo 
Short 10.5' counterweight arm8 
Shield:  3B-inch iron pipe, 
17 inches long, and 3 inches 
upstream of impeller 

construction angle leads 
r o b t i o n  

" 

Stope COlUlte32- 
Calibrated Counter- High1 Generator Impeller 
airspeed angle pitch  pitch output speea 

(mph) ( rPm) (ded - b d  watts 

3-50 

33 38 I 2 0 1  , 39 t 1 4830 I 3000 100 
33 38 X) 39 I60 6600 175 
33 38 20 39 14800 47m 175 
33 38 20 39 20210 5m 1-75 
33 38 - 2-Q 39 40 4200 350 
33 38 20 39 7540 5800 150 
33 38 20 39 16770 5300 
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B M ~  phase angle -10' 
Short 10.5' counternight arm8 
Shield: 3/4-inch iron pipe, 

17 inches long, and 1 inch 
upstroam of impeller 

Calibrated 
airspeed 

(mph) 1 

L 

Stops 

H i g h  
pitch )itch 

Low 

: m )  (dW> 

39 20 
39 

20 39 
20 39 
20 39 
20 39 
20 39 
20 39 
20 39 
20 39 
20 39 
20 39 
20 39 
20 39 
20 39 
20 39 
20 39 
20 39 
20 

Counter. 
weight 
angle 
(aw3) 
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33 
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33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 

n 
I The f l a n g e  preload screws were loosened at thia  point and 

remained loose for the  rest of the variable pitch tests .  
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Blade phase angle -X)* 
Short 10.5' counterweight arms 
Shield: l.5-inch -le iron, 

17 inches long, and 1.8 inchee 
upstream of inqleller 
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Blade phase angle -loo 
Short 10.5O counterweight 81~18 
Shield: I .5 -inch angle iron, 
17 inches long, and 1.8 fnches 
upstream of imeUer 

Generator 
output 
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Figure 1. - Vfew of Kopper’s AeromatLc impeller-generator 
combination, 
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Fig. 6 

Figure 6.- Instrument panel for Kopper's Aerornatic impellep 
generator combination. 





Figure 8.- Static balmzing unit and angle setting jig with Kopper's 
Aeromatic impeller. 
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